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The goal

to obtain the polarized parton densities

Au = Auy, Au
Ad = Ady, Ad

As, As
AG
We have:
DIS: T+NSU+X
ADIS _ AcPTS  vel(Aq+ Ag) _ gy

o P15 vel(g+q)  FY
determine only the combinations (Aq 4+ Ag):

Au+ Ad, Ad+ Ad, As+ A5 AG.



The spin of the proton

A Y = the quark contr. to the spin of the proton:
AY = [dz[(Au+ Au) + (Ad + Ad) + (As + AS)]

EMC (CERN) 1989, DIS: — A ¥ ~ 0.12 ~ too small

‘THE SPIN CRISIS®

expected: AY ~ 1 — in nonrelat. protons the

spin is carried by the valence quarks.

assumed: SU(2) and SU(3) inv. of strong ints.
(Bj. and Ellis & Jaffe sum rules)
SU(3) correct up to 20 % — does not help

Question: AG =7

(Ag+ AqQ) = (Aq+ AQ) — (o, /2m)AG

NLO required = A ¥ scheme dependent



SIDIS: 1 + N —>1U'4+h+X, h=nxt K*.

Aot ve?(AqD!+ AgD!)
ok~ rei(qDh+ gD}
HERMES & SMC

AR =

e advantage: determines Aqg and Aqg separately
— Dy # Dy

e but: we need to know the FFs: D, and Dy
e up to now DZ are not well known:

ecte —>h+X = D(’;—I—Dg only

~ in DIS = (¢ + @), (Aq + AQ) only

ol+N—-U'+h+X :>DZ&D3
= but low sensitivity to D? etc.

EMC (1989), HERMES (2001)

e in SIDIS DZ and Dg needed separately
= always additional theor. assumptions about

favoured and unfavoured transitions are made.

e different isospin relations about polarized sea:

At =Ad=A5 or Au/u= Ad/d= As5/5



SIDIS experiments

done:

1) SMC (CERN) h* on p and d

2) HERMES (DESY) n*, K* on p and d

results:

a)HERMES: (As 4+ As) ~ 0 = SU(3) totally
broken E.Leader & D.Stamenov

DIS: (As + A3) <0

b)HERMES: A4 — Ad ~ 0

DIS: jdz(a — d) = .118 £ .012

TH: chiral models:

At — Ad # 0 - LO; (a —d) # 0 - NLO

coming:

1)COMPASS (CERN:)
approved 1998
taking data since 2002 = AG =7

2) Semi-SANE E04 113 (JLAB,USA)
approved summer 2004
start taking data 2006-2007 =- A’]‘V—ﬁ




We consider SIDIS

I+ N > U'+h+ X, T+NoSU+h+X

What can we learn from SIDIS - pol. and unpol.
without assuming any knowledge:

e about DZ and D(’JZ’

e about Au, Ad, As, As, AG

e We suggest to measure the difference asymme-

tries:
A%F_h_ _ AO']}:\[_: - Aha_']’(,_
ON —ON
Ry = T
ON

We show that one can determine directly:

o Auy , Ady — LO and NLO — JefLab

e At — Ad — LO and NLO - JefLab

e s(x) — 5(x), As(x) — As(x) — LO and NLO
e D™~ — LO and NLO

e possible tests of LO

to be measured in JefLab — with A-rating approved

last summer!



PROBLEMS

DIS & SIDIS polarized = Q? = small, Q? > M?

U

HERMES: Q2 ~ 1 — 10 GeV?2
JLab: Q2 ~ 1,3 — 3,5 GeV?2

perturb. QCD: Q? > M? — Higher twists needed!

How HT’s modify the difference asymmetries?

Thinking of possible ways out.



T4+NSUV4+h+X

The general formula in SIDIS, Q? > M?:
A&]f(, X %:ez {Aq ® A6(vg — ¢X) ® DZ

+ Aq ® 6(vq — GX) ® D,
+ AG @ A6(vG — q3X) Q@ (D! + DZ)}

Aq(xz,t) and Dg(z,t) = from experiment
A0b ¢ = theor. calculated in perturb. QCD:

a0 Qs (1)
AO'ffl == Aa'ff/ + 27TA0'ff/ _|_ cee

The difference asymmetries A?\,—E

C-inv. implies: DZ_B =0, DZ—B — _Dg—ﬁ

= In all orders in QCD all gluons cancel :
AGN" o« [4Auy ® DI + Ady ® D"
+ (As — A3) ® Dg_ﬁ} ® AF(vq — gX)
AG.. — AA(O)_F%AA(U_F
Gqq = AG,, o Gog T
e only NS = gluons do not reappear in Q?-evol.
e sensitive to Auy, Ady & (As — AS) only

Further A&]’(,_’_’ depends on the final hadron h.



T4+ N U4+t X

SU(2) and C: DT~ = —D7'—™  DT'—" =

A’U,V, Adv — LO:

4A’U,V — Adv

at—m— 2\ 2
AT (@2 @) =, T (@, Q)
ot —m— 4Adv — A’U,V
An+ (wa Zy Qz) — (wa Qz)
4dv — uy

The FFs completely cancel!

Frankfurt et al, P.L. B (1989)
E. Ch. & E. Leader, P.L. B (1999)

= 2 algebraic eqs. for Auy and Ady:

A’U,V {4(4’11,‘/ — dv)A;—'__ﬂ_ —I— (4dV — ’ll,V)Az-i__w—

Ady = {4(4dv —uy) AT T 4 (duy — dy) AT T

z = passive observable - test of LO

}
}



LO NLO

alg. eqs. (simple products) = int. eqs. (convolutions)
dx’
,4d

xTr

q(z,U?) = / <w>C(m’):q®C

!

o@D @) = [0 [T () ow.n (2)

= q®CQ®D

C are known Wilson coefficients.

LO : = no gluons in the cross section

NLO : = gluons in do: G(z), AG(z), D}(2)

e polarized DIS

0
Ag; (1 + ®a32(f )6Cq> +
QS(QZ)

27

1
#(@ QY = el

e unpolarized DIS
P o =2 = &"""|npo =2F[1+2v(y)R],

gr, 11—y
R="=, v(y) = ,
or W)= + (1 — y)2




A’u,v, Adv — NLO

E. Ch. & E. Leader, N.P. B (2001)

e From polarized SIDIS = Auy and Ady:
_ (4Auy — Ady)[1 4 ®(0,) ACg, QDT ™

_|_ .
T —T
Ap

(4duy — dy)[1 + ®(as)cqq®]D5+_ﬂ_

o _ (48dy — Auy)[1 + ®(:) AC,®I D] ™

" (4dv — uy)[1 + ®(O‘8)qu®]D5+_ﬂ_
correct to any order in QCD:
ACy = ACY + a,ACD + ...
= 2 eqs. for Auy and Ady
e From unpolarized SIDIS = DZJF_W_ (z,Q°):

 [uy — dv][1 + ®()Cyg®] DT ™
B 18Ff [1 + 2v(y) RP]

 [4dy — uy][1l 4+ ®(as)Cyq®] DI
B 18F [1 + 2v(y) R '

+ —
RT —T
p

+ —
ltﬂ' —T
n

= 2 eqgs. for D,ZJF_”_ (z, Q%)

= Auy, Ady and D;’Jr_ﬂ_ (z, Q?) are non-singlets
and don’t mix with other PDs and FF's



Higher Twists

AGy(x,2,Q°%) = Ad,(pQCD) + AH ) (x, 2, Q?)

A&Z(pQCD) = perturb. contr. of the individ-
ual parton — log Q*-dependence: Q? > M?

AH{;(CU,Z,QZ) = HT’s = correlations between
the individual parton & the partons from the rem-
nant — power-Q? dependence; Q? > M? = non
perturb.

The kinematic Q?-terms due to target mass cor-
rections can be included in A&g(pQC’D) = it still
obeys perturb. QCD

We shall speak only about dynamical HT con-

tributions.



SIDIS n* + HT

Most generally:

et _ %3 " (QOD) + Hy' T
p &Z?IS(QCD)+H£IS
R7r+—7r_ —

H;HS and HfIS = known, both in LO & NLO
Rr -™ = g7 - (QCD) + HT,~™ : LO & NLO

The polarized SIDIS:

~nt—m— nt—m—
qrton _ ATy (QCD) + AHT
P 67" =" (QCD) + Hy '~

Tr—1 _
An _— LN ]

+_ —_
The numerators are known from R;n 4
9

= 2 measurements: Ag;_“_

= 5 unknowns: Auy, Ady, DZ:JF_“_, AH;JF_W_ &
+_ —

AHT —~

Question: Do we need power-Q? terms?



A possible way out: relate AH;;_”_ to AHI?%S

e If factorization for A&g when HT'’s:

= C-inv. eliminates the GGG corrls. in AH[;_’_‘
A&"h(QCD)
= in AH]TL_”_ = no gGq and GGG corrls.

= only uy & dy correls. with the remnant

e if these corrls. are those that enter DIS:
AH;;,n(az, z) x Y 62 AhDIS(q) Dh(z)
analogous to Aah (T, 2) x T 62 Agq Dh(z)
Recall:

g7 = g?(pQCD) + AHD'
g = g'(pQCD) + AHPT>

where we define AhfIs(q) (As~0):

AHP' = 4ARD™ (u) + AR (d)
DIS __ DIS DIS
AHP™ = 4ARD™(d) + ARD™ (u)

AHDIS known,  Leader, Sidorov, Stamenov (2004)



+_ —_
about AH;T’n 4

AHT ™™ (z,2) < [4ARDTS(u) — ARDIS(d)] DT~ (2)

AHT ™™ (z,2) < [4ARPTS(d) — ARPIS (w)] DT~ (2)

= Ag+—”_ & Af—”_ work as before

In general

AO‘Z X AqDZ + AHqDZ + Aqu

Aq — Agq+ AH,
D, — D,+ H}
Three factorizing pieces:

if we ignore Hp = no HTs in FF's

we try to describe A% through AcPIS,



Back to Rg;_’r—
(%

Dr T =7
u

T—m DIS
If analogously relate H on | tO the known H o

under the same assumptions
NLO = R}(;r_”_ will determine Df—“— as before:

(4uy — dv)[1 + (e)Co) DT ~™ + HI' ™

R7T+—7T_ —
P 5D1S(QCD) + HPIS
+ —
R T =..
H™ ~™ = [4hP"5(u) — hPI5(d)| DT~ (2)
HT' =™ = [4hP’S(d) — h2'S(u)] DI~ ()
H}fés = known, Krivokhijine, Kotikov (2001)

HP'S = 4hD"5(u) 4+ D5 (d)

HnDIS — 4h515(d) + hZ?IS(u)

If factorization for AH™ ™ = no FFs in LO:
AAT T (z,2,Q%) =

B (4Auy — Ady) + Ahp/Q2

(4uy — dv) + hp/Q?
AAT T (2,2,Q%) = ...

(z, Q%)

z = passive observable



SU(2) for the polarized sea: (At — Ad)

We have in any order in QCD:

(A’L_l, — ACZ) = AQ3 + Adv — A’U,V
where
Ags(z, Q%) = (Au + Au) — (Ad + Ad).

Here Agq;s is obtained directly from DIS:
LO .

1
g?[)(wv Q2) - g?(wa Qz) = GACI3

LO :

2

as(Q?)

27

1
9t(z, Q%) — g7 (=, Q%) = (A0 ® (1 + 5cq)

not through (Au+Au) & (Ad+Ad) that depend
on As & AG.

= no influence from As and AG.
(A% — Ad) ~ small — NLO needed



SIDIS — =+

Auy, Ady and Au — Ad determined in LO and
NLO:

no assumptions about FF's

no assumptions about polarized sea densities,
even s # 5 and As # A5 < D§+_’T_ =0

only SU(2) and C inv. of strong ints. assumed

only unpolarized uy and dy to be known

SU(2) breaking of the sea without knowledge
of Au and Ad

test for LO = z = passive observable

If a small dependence on z = it can be consid-

ered as a system. th. error in LO analysis

Ags;, Ady and Auy well determined in LO
however their linear combination very small —

NLO corrections important in Aw — Ad

e HTs: if AH™ -~ — AHDIS



SIDIS — K=

= SU(2) does not relate DX* = assumptions
needed:
1. foJr_K_ = 0 — unfav. trans. are equal (but not

small)
2. As — A5 =0 (DEK"-K" )

instead: Auy, Ady known from SIDIS 7+ with-
out any assumptions, then K* determine As — A5
- LO and NLO

SIDIS — A, A

= SU(2): D22 = DAA,
but D?‘I\ # 0 = A, A determine As — A5 with-

out any assumptions



As — A5 =7,SIDIS — K*, LO

+_ —
Dé{ K™ — 0 assumed

[recall: Kt = (5u), K~ = (su)]
4Auy DE" K" 4 (As — A5)DE" K"

4’U,VD£{+_K_
4AdyDET-K" 4 (As — A5)DE'-K"
4dvD£€+_K—

Kt—K—
Ap =

Kt—K—
A'n,
= (As — A5)DEK"-K" =7
— note: Df+_K_ is not small

= inform. about (As — AS) # 07

From unpolarized SIDIS: = foJr_K_ (z,Q?%):

Kt—K—
RET-K- uy Dy
P oDIS
P
Kt—K
RK+ K~ _ dVDu




As — A5 =? — SIDIS — K*, NLO

NLO: the same quantities enter

kt-k- _ [AuvDy+ (As — A5)D,] © (1 + (00) ACy®)
P — Kt—K—
uy @ (1 + (as) Cgq®) D,
AK+_K_ B [Ady D, + (As — A3)D,] ® (1 + (aS)Aqu(X))

dy ® (1 + (as) qu@)D{fr—K—

= 2 eqgs. for (As — A3) ® (1 + (a;)AC,,Q)DE" -K",
= inform about (As — AS) # 07

From unpolarized SIDIS: = foJr_K_ (z,Q%):

RET-K~ _ 2uy 1+ ®(as/277)cqq®]DzIf+_K_
P 9FY [1 + 2v(y) RP]

RK"‘—K— _ dy [1 + ®(as/27r)qu®]fo+_K_ .
" 18F [1 + 2+v(y) R™]




LO:
K+t—K— 4UVD5+_K_ + (s — §)D§+_K_
R, = a.pDIS
k k- _ 4dvDE K 4 (s —5)DF KT
R, - o DIS
NLO
K+t_K- [4 UVD5+_K_ + (s — §)D§{+_K_](1 + ®@asCyq)
Rp o oDIS
P
RK+—K— . [4 dVDzIer_K_ + (3 — §)D§+_K_](1 + ®aquq)

DIS
O-n



Testing LO

LO:
Acht™h = 4AaD!™* + AdDI" + AEDE

Aq = Aqg+ Aq

C-inv: Dhth = pDhth
q q

Aghth _ Aghth Aw — Ad
p n 2 _ 2
P n
g1 — g; 2
= —— (@

h = 7%, K*, etc. and their sum h*

Advantages:

® 7z is a passive observable
e no dependence on Ag, As, g and D"

e only measurable quantities enter

Ags(z, Q%) = (Au + Au) — (Ad + Ad)
obtained directly through:

1
g’ (z, Q%) — g (z,Q") = 6Aq3ILo



Integrated:

Jdx [dz [Aag“_' — AO'Z“L’_’] . ga/gv

fdx [ dz [cfg+’_’ — ghth]

e used:

3Sa

The Bjorken sum rule:

[ dz(g? — g7
ga/gv

(Ad — Ad)|zo = ga/gv
1.2670 & 0.0079

The Gottfried sum rule:

F} — Fr

xr

Sc

ng/da:

e remark

2 _
= e’ —e2+— [dx(u—d
e e; + 3/ x(u )

u

0.235 4 0.026

The Bjorken sum rule in NLO:

[ dz(g? — g7

1

6gA/gv

1 ~
o (Al — Ad) (1 -

as(QO))

™

as(Q2)>

(1__



Testing LO if HT's

e if no HTs in FF's:

Ach™ = 4[Adi + AH(u)]D, + [Ad + AH(d)]Dq
+[A5+ AH(s)| D"

then:
Achth — Aghth _ Agqs + AH(u) — AH(d)
ohth _ gd+h g3+ H(u) — H(d)

P n

(z)

z— passive observable
o if AH(q) = AHPIS(q):

AJZ‘Lh — Aghth gt — g7

n 2

— (2, 2,Q°) = ————
h+h d+h > P

o, of Fi — FP

(z, Q%

i.e. the same relation, but HT's included

e SU(2) inv. = no assumptions about As



CONCLUSIONS

We suggest a model independent approach to
SIDIS
through the difference asymmetries
Ah=h Rh=h and Alth

advantage : only measurable quantities are used

the price : precise measurements needed

e SIDIS-7*: pol. and unpol. determine:
1) the valence quarks: Auy, Ady
2) SU(2) breaking for the pol. sea: Au — Ad
3) DT ™
— LO & NLO
— no assumptions about Agg.,, AG and FF's

to be measured in JefLab —

e tests for the reliability of LO — ”passive” ob-

servable
e SIDIS K*: As — A5 # 07

e HTs treated if AH™ —* — AHDPIS
= no HTs in FFs 7777



